Context: Burnout is a psychological syndrome that results from prolonged exposure to stressful work activities and includes 3 dimensions: emotional exhaustion (EE), depersonalization (DP), and low sense of personal accomplishment (PA). Burnout is a widespread problem in numerous professions but is particularly high among medical students, residents, and early-career physicians compared with college graduates of similar age. However, minimal research has addressed burnout in osteopathic medical students.
B urnout is a psychological syndrome that results from prolonged exposure to stressful activities. As a syndrome that is uniquely dependent on social and organizational contexts, burnout is considered to be an occupationally specific dysphoria. 1 Burnout can lead to a wide range of poor outcomes; it is a significant predictor of coronary heart disease, musculoskeletal pain, and type 2 diabetes mellitus, 2 as well as psychological morbidity and suicidal ideation. 3 Studies of burnout in working populations have identified poor physical outcomes in a diverse range of professions, including dentists, forest industry employees, firefighters, correctional officers, lawyers, school teachers, manufacturers, child welfare workers, and software developers. 2, [4] [5] [6] Burnout is more likely to occur in individuals who experience vicarious trauma 7 and is disproportionately present in medical students, residents, and practicing physicians. 8 Characterization of burnout at each step of medical education is important for determining outcomes and prevention strategies. Burnout is classically assessed with the Maslach Burnout Inventory 9 and includes 3 subscales: emotional exhaustion (EE), which is a chronic state of physical and emotional depletion caused by excessive and prolonged stress; depersonalization (DP) or cynicism, which can lead to alienation and apathy; and low sense of personal accomplishment (PA), which may result in decreased productivity, low morale, and decreased experience of success and competence through work. Symptoms of burnout are stratified across the spectrum of medical education, with differences between medical students, residents, and early-career physicians. 8 The prevalence of burnout in medical students ranges between 28% and 71%. 10 Suicidal ideation in medical students, which can be predicted by burnout, 3 is 2 to 3 times more likely than in the US adult population (11.2% 8 and 3.7%, 11 respectively).
Risk factors for burnout in the medical student population may include perceived stress, 12 inadequate sleep 13 or low sleep quality (which is correlated to nighttime digital media use 14, 15 ), hypersomnia, studying for more than 80 hours per week, 16 experiencing reduced confidence, having a major illness, perceiving inadequate support by faculty, and having exposure to cynical residents. 10 Imposter syndrome, characterized by self-doubt and fear of being discovered as an intellectual fraud, 17 may also predispose medical students to burnout.
Residents experience higher DP, overall sense of burnout, and increased fatigue when compared with other trainees. The prevalence of burnout in residents ranges from 40% to 80% 8, 18 and is specialtydependent. 18 Sources of resident burnout include work hours, sleep deprivation, electronic health record use, and staff conflicts, as well as stressors related to moving to a new workplace, teaching responsibilities, and information overload. 19, 20 Early-career physicians are more likely to experience increased EE when compared with residents and medical students. An estimated 51.4% of early-career physicians report burnout. 8 In studies of early-career physicians, risk factors are highly variable and include younger age, shorter exercise duration, and low degree of respect from colleagues. 21 Other studies cite poorly designed electronic health records and quality metrics, 22 workload, and time pressure. 23 To date, minimal research has addressed burnout in osteopathic medical students. Informed by previous research, we assessed the relationship among burnout, perceived stress, sleep quality, and smartphone use.
Research shows that blue light from the use of electronic devices at night prior to sleeping disrupts the circadian rhythm, decreases sleepiness, suppresses melatonin, alters sleep quality and sleep efficiency, and reduces cognitive performance in the morning. [24] [25] [26] For these reasons, we included smartphone use as a potential contributing factor to burnout.
Thus, the purpose of this study was to assess the level of burnout in osteopathic medical students. We hypothesized that higher levels of perceived stress, lower sleep quality, and higher smartphone use would be associated with higher levels of burnout.
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The Journal of the American Osteopathic Association January 2020 | Vol 120 | No. 1 where 0 was "never," 1 was "sometimes per year or less often," 2 was "once a month or less often," 3 was "several times a month," 4 was "once a week," 5 was "several times a week," and 6 was "daily." High levels of burnout correspond to high scores for EE, high scores for DP, and low scores for PA. ▪ Perceived Stress Scale 28 : a 4-item measure assessing psychologic stress over the past month. This brief self-assessment measures the degree to which individuals perceive their lives to be stressful.
Methods
Participants scored each item on a 4-point scale, where 0 was "never," 1 was "almost never," 2 was "sometimes," 3 was "fairly often," and 4 was "very often."
Perceived stress scores ranging from 0 to 5 were considered low stress, scores ranging from 6 to 10 were considered moderate stress, and scores ranging from 11 to 16 were considered high stress.
Prior studies have demonstrated internal consistency for the Perceived Stress Scale to be between 0.67 to 0.73. [28] [29] [30] ▪ Pittsburgh Sleep Quality Assessment 31 Participants scored items on a 6-point scale, where 1 was "strongly disagree," 2 was "disagree," 3 was "weakly disagree," 4 was "weakly agree," 5 was "agree," and 6 was "strongly agree." Internal consistency of the measure is excellent with a Cronbach α correlation coefficient of 0.91. 32 The cutoff value for smartphone addiction was 31 in male participants and 33 in female participants. 32 
Data Collection
Participants completed the survey via the online questionnaire service Qualtrics. To consent, participants clicked a radio button indicating "Yes, I consent to participate in this study. I may withdraw my participation 
Results
Of the 906 osteopathic medical students enrolled at 
Perceived Stress
The mean (SD) perceived stress score was 6.6 (2.7).
Approximately 37 participants (9.6%) had high perceived stress scores, 204 (53.0%) had moderate perceived stress scores, and 144 (37.4%) had low perceived stress scores. As expected, high levels of perceived stress were associated with high levels of EE (χ 2 =68.9, P<.001), DP (χ 2 =31.8, P<.001), and low PA (χ 2 =19.5, P<.001).
Sleep Quality
The mean (SD) global sleep quality score was 6. works long hours, and feels devalued or underappreciated. 33 Burnout tends to occur more frequently among persons whose profession involves constant demands and personal interactions that require emotional and physical exchanges, 33 which is why 9 This finding is comparable to that of Lapinski et al, 16 who reported that 73.9% of students had a low sense of PA.
There are several possible explanations for this finding. Whereas medical school and board examinations provide a temporary end point, medical students often continue studying for subsequent examinations; this behavior may limit opportunities to develop a sense of PA. Additionally, medical students cannot autonomously provide direct patient care, which may limit perceptions of achievement and accomplishment, particularly in preclinical years. Personality traits common to medical students, such as extraversion, conscientiousness, and agreeableness, 39 may also be associated with higher levels of low PA. In one systematic review, 40 demographic factors that correlated with increased burnout were being a man, experiencing poorer psychologic functioning, and being a more senior medical student.
Perhaps of equal significance are the relatively low levels of EE (2.3%) and DP (17.4%) in our study participants. This finding contrasts with Lapinski et al, 16 who reported that 53.2% of osteopathic medical students had high EE and 35.6% had high DP. In a study 8 of allopathic medical students, high levels of EE, high levels of DP, and high levels of low PA occurred in 44.6%, 37.9%, and 31.3% students, respectively. The findings in the current study need to be confirmed with additional research to determine whether they are unique to this institution or to all osteopathic medical students. Lower levels of EE and DP reported by these participants may be attributed to school-specific curricula, awareness of burnout in medical students, social support, or other factors.
Perceived Stress
Perceived stress is the perceived imbalance between a person's daily demands and their capability to respond to them. 40 Research with medical students has shown higher perceived stress scores are associated with more depressive and anxiety symptoms, alcohol and substance abuse, and suicide. 42, 43 Further, higher perceived stress scores in medical students are associated with a reduced likelihood of recovering from burnout, thereby suggesting perceived stress perpetuates burnout. 45 The findings in this study contribute to the literature by demonstrating that higher perceived stress scores were associated with all 3 domains of burnout. Interventions that protect medical students from stress and promote resilience to burnout are needed to prevent negative mental health outcomes.
Sleep Quality
In this study, the majority of participants (66.2%) reported poor quality of sleep, and sleep quality was associated with all 3 subscales of burnout. This finding may be compared with a 2012 study 45 of allopathic medical students, which found that 39% of students experienced inadequate sleep and met criteria for burnout. Consistent with studies that have identified a causal relationship between sleep and burnout, 46 these findings indicate that sleep quality may play a role in factors such as emotional depletion, cynicism, apathy, and decreased productivity.
Sleep deprivation is common among medical students;
one study 47 showed that 72.9% of medical students had poor sleep in comparison with 51.9% of their nonmedical peers. In addition, high rates of smartphone use in this sample may have contributed to poor quality of sleep via the effects of blue light and circadian physiology. [24] [25] [26] While the finding of poor sleep quality in medical students may seem unsurprising, its association with
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The Journal of the American Osteopathic Association January 2020 | Vol 120 | No. 1 smartphone use and subscales of burnout may justify additional prevention measures. Obsessive-Compulsive and Related Disorders. 54 Behavioral addictions are defined by repeated failures to resist an impulse or urge to perform a behavior that is rewarding to a person in the short term, despite longterm harm to the person or others. 48 The increased accessibility of the internet through smartphones has contributed to the rise in smartphone addiction and has raised concerns in advanced information technology countries like South Korea. 49 Research on smartphone addiction shows its long-term negative effects on mental health, with increased depressive symptoms and anxiety, 50 as well as suicidal ideation. 51 To determine whether someone has smartphone addiction, administration of the 10-item Smartphone Addiction Scale Short Version 32,52 will assess a person's willingness to give up a smartphone, constant use of the smartphone, and the impact a smartphone has on his or her daily life. In addition, the 15-item Smartphone Addiction Proneness Scale assesses a person's risk for smartphone addiction; it examines a person's tolerance for limiting smartphone use, withdrawal behaviors/ mood caused by not having the smartphone, and the impact on adaptive functions without the smartphone.
To our knowledge, the current study is the first to analyze the relationship between smartphone addiction and burnout in osteopathic medical students.
Eighty-six participants (22.3%) exhibited addiction to their smartphones, and smartphone addiction was associated with higher levels of EE and DP. Smartphone addiction may therefore be related to feelings of being emotionally overextended and apathetic toward others.
In prior studies, high engagement with cellular phones has been linked with anxiety and depression. 53 Longitudinal research from a larger, more heterogeneous sample is needed to confirm these findings in osteopathic medical students.
The proportion of medical students exhibiting smartphone addiction has been widely studied and may be compared with allopathic students internationally (29.8% in Anhui Province, China 55 ; 39.9% in Delhi, India 56 ; and 36.5% in Jeddah, Saudi Arabia, 57 with differences in gender). In the current study, the results are unclear whether smartphone addiction is a primary problem, a response to 1 or more subscales of medical student burnout, or a proxy for other issues.
Paradoxically, the ubiquitous nature of smartphones may be exploited as a viable tool for intervention. For example, psychiatrists and clinical psychologists are beginning to harness smartphone technology and telehealth as a means for mental health maintenance, surveillance, 58 and treatment. 59 
Medical Education
The whole-person effects of burnout merit an approach to prevention that incorporates the body, mind, and spirit. In the working population, consequences of burnout may include insomnia, musculoskeletal disorders, increased alcohol consumption, sedentarism, and hospitalization for mental health disorders. 2 In addition to decreased health and well-being in medical personnel, the effects of physician burnout on patients are troubling: a recent meta-analysis showed that physician burnout was associated with an increased risk of patient safety incidents, poorer quality of care because of low professionalism, and reduced patient satisfaction. 60 Personality assessments specific to osteopathic medical students may differ from those of allopathic medical students and may provide valuable directions for future study of medical student burnout. Socioeconomic factors, such as first-generation college students and medical student debt, are also important considerations.
The role of smartphones in medical education, particularly as an aid or barrier to mental health and burnout prevention, is an important area of additional research.
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